INTRODUCTION
Bubble columns and airlift reactors have important applications as bioreactors (in biomass production or production of different metabolites), as chemical reactors and as contactors in the wastewater treatments. In these contactors, the properties of the liquid phase strongly affect hydrodynamics, bubble behavior and mass transfer rates. Dilute alcohol solutions are important, as the liquid phase. They can be used to simulate the liquid phase behavior in bioreactors and in coal liquefaction (1) . The only property of these solutions, which differs considerably from water, is their surface tension (2) .
The influence of alcohols on the gas holdup is proportional to their concentration and to the length of the carbon chain in the alcohol molecule, in the bubble column (BC) (1, 3) , continuous BC (1), external loop airlift reactor (EL-ALR) (4), draft tube air lift reactor (DT-ALR) (5, 6) and split rectangular airlift reactor (SR-ALR) (7) . Also, the addition of alcohol influences volumetric mass transfer coefficient (k L a). The increase in both the alcohol concentration and the length of the straight chain of alcohol molecule results in the increase of k L a, in the BC (3), the EL-ALR (4) and in the DT-ALR (5, 6) .
Only a few studies on the hydrodynamics and mass transfer in dilute alcohol solutions in bubble columns and draft tube airlift reactors with single orifice sparger have been published, so far (3, 5, 6, 8) .
The correlations for prediction of gas holdup and volumetric mass transfer coefficient were proposed in various forms based on investigations in different systems. Some of the correlations can be used for predicting hydrodynamics and mass transfer in aqueous solutions of alcohols with an acceptable error (3, 5, 6, 9) . In deriving the correlation, the main issue was choosing a representative characteristic of the liquid phase. In the case of addition of alcohols, it is obvious that the only physical property that is to be different from water is the surface tension (3, 5, 9) , as the change in viscosity and density is negligible, or the surface tension gradient can be used in correlations (6, 10) , in order to include the effect of solution concentration on physical properties.
The aim of this paper was to propose simple correlations that could be used to predict the main characteristics: gas holdup, liquid circulation time, downcomer liquid velocity and volumetric mass transfer coefficient, in BCs and DT-ALR, with aqueous solutions of alcohols and with a single orifice sparger as a gas distributor. In order to improve the correlations and validate their form, the existing experimental data (3, 5, 6, 8) were broadened by additional experiments, conducted in DT-ALR with dilute alcohol solutions from methanol to n-octanol. The concentration of each alcohol was chosen based on the research of Keitel (11) , as the value of the upper limiting concentration. It has been shown that increasing alcohol concentration above the limiting value, only enhances the bubble coalescence and liquid phase frothing (2, 8) , with no major influence on hydrodynamics. In case of isopropanol, the concentration is chosen equal to n-propanol.
EXPERIMENTAL
The experiments were conducted at 20±1°C and atmospheric pressure in a glass DT-ALR, with geometrical details presented in Fig. 1 . The air, sparged through a single orifice into the draft tube, was used as the gas phase. Tap water and diluted alcohol solutions from methanol to n-octanol were used as the liquid phase.
The concentrations of the alcohols and the physical properties of the liquid phase at 20°C are summarized in Table 1 . Densities of liquids were measured by a densitometer AP PAAR DMA46 with ±0.1 kg/m 3 accuracy. Surface tensions of liquid phases were obtained by tensiometer (Torsion Balance Model OS) with ±0.0001 N/m accuracy. The surface tension gradient (-dσ/dC A ) was estimated from the slope of the experimental σ versus C A curve (Fig. 2) . The overall gas holdup was determined by the volume expansion technique with an error less than 10%. The aerated dispersion height without foam was used for calculating the overall gas holdup. The gas holdup values along the column were obtained by measuring the differential pressure at five points (in the draft tube and in the downcomer) using the piezometric tubes. The relative average error of the measurement was up to 2%. A hot probe method, developed for this purpose, was used to determine the liquid velocity in the downcomer (12) . The mean relative error of this method was ±5%.
RESULTS AND DISCUSSION
The main aim of this paper was to suggest simple empirical correlations to predict crucial hydrodynamic and mass transfer quantities. The processed data in this investigation, beside the ones obtained in these experiments, were taken from the experiments of Pošarac and Tekić (3), Albijanić (5), Albijanić et al. (6) and Camarasa et al. (8) . In these studies experiments were conducted in BCs and DT-ALR with single orifice as air sparger and with dilute alcohol solutions as the liquid phase.
As already mentioned, a representative characteristic of diluted alcohol solutions might be surface tension. Fig. 2 shows evolution of surface tension with the concentration of alcohol solution. The surface tension gradient was estimated from the slopes of these experimental curves (Table 1) . It is obvious that the surface tension gradient is a function of C N -value. By applying the regression analysis (13) on these experimental data the correlation was obtained in the following form: face tension gradient and the C N -value, it can be concluded that surface tension is also a function of C N -value. Recently, Zeppieri came to the same conclusion, i.e., he noticed the relation between the surface tension and C N -value (14) . A strong relation between the C N -value, on one hand, and the surface tension and the surface tension gradient on the other, suggests that the C N -value could be the only variable which expresses the influence of dilute alcohol solutions on hydrodynamics and mass transfer. So, simple correlations were introduced by processing the data obtained in our experiments and the experiments of other authors (3, 5, 6, 8) :
where y represents:
An additional corroboration of the suggested equations was performed through the comparison of the experimental and calculated values in the case of n-propanol and isopropanol, with the same number of C-atoms. A good agreement is achieved, regardless of the structural differences between these two alcohols. Table 2 contains the values of the estimated parameters in the proposed equations, along with the standard quantifiers -the coefficient of determination (R 2 ) and the errors of parameters (expressed as a % of a value). For the gas holdup, Eq. 2 predicted about 68% of experimental data with an error of 20% or less (Fig. 3) . The parameters for liquid circulation time were calculated based on data of Albijanić (5) and Albijanić et al. (6) as the only available data. The parameters for liquid circulation time and liquid velocity ( Table 2) were calculated for three different bubble regimes: regime I (small bubbles in the downcomer), regime II (stagnant swarm of bubbles in the downcomer) and regime III (circulation of bubbles through the column).
Fig. 3. Comparison between calculated (Eq. 2) and experimental values of gas holdup
Comparison between calculated and experimental values both of circulation time and liquid velocity is given in Fig. 4 and Fig. 5 . The correlation for volumetric mass transfer coefficient predicts about 52% of experimental data, in a range of 20% error (Fig. 6 ). However, a significantly smaller error was achieved for the higher superficial gas velocities. 
CONCLUSION
Simple correlations were proposed for prediction of basic hydrodynamic and mass transfer characteristics of BCs and DT-ALRs with dilute alcohol solutions (from methanol to n-octanol) and with single orifice as a gas distributor. The correlations include the number of C-atoms in a molecule chain, as the only variable to specify the physical properties of dilute alcohol solutions. A good agreement between the experimental and the calculated data was achieved. Based on the simplicity of the proposed correlations it is to be expected that their useful application in reactors design. 
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